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Objective : Cardiac dysfunction after aneurysmal subarachnoid hemorrhage (SAH) is associated with elevation of serum cardiac troponin I (cTnI)
levels. Elevation of cTnI predicts cardiopulmonary and neurological complications, and poor outcome.  
Methods : We retrospectively reviewed the medical and radiologic records of 114 (male : 30, female : 84) patients who developed aneurysmal
SAH between January 2006 and June 2007 and had no history of previous cardiac problems. We evaluated their electrocardiography and cTnI
level, which had been measured at admission. A cTnI level above 0.5 µg/L was defined as an indicator of cardiac injury following SAH. We
examined various clinical factors for their association with cTnI elevation and analyzed data using chi-square test, t-test and logistic regression
test with SPSS version 12.0. The results were considered significant at p < 0.05.
Results : The following parameters shows a correlation with cTnI elevation : higher Hunt-Hess (H-H) grade (p = 0.000), poor Glasgow Outcome
Scale (GOS) score (p = 0.000), profound pulmonary complication (p = 0.043), higher heart rate during initial three days following SAH (p = 0.029),
ruptured aneurysm on communicating segment of internal carotid artery (p = 0.025), incidence of vasospasm (p = 0.421), and duration of
hyperdynamic therapy for vasospasm (p = 0.292). A significant determinants for outcome were cTnI elevation (p = 0.046) and H-H grade (p =
0.000) in a multivariate study.
Conclusion : A cTnI is a good indicator for cardiopulmonary and neurologic complications and outcome following SAH. Consideration of variable
clinical factors that related with cTnI elevation may be useful tactics for treatment of SAH and concomitant complications. 
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INTRODUCTION

The annual incidence of aneurysmal subarachnoid
hemorrhage (SAH) was 8.25 per 100,000 in South Korea8).
Medical complications of SAH are common and contrib-
ute substantially to morbidity and mortality. One of the
most common and important medical complications of
SAH are cardiac problems, including myocardial injury and
cardiac dysfunction. Left ventricular systolic dysfunction
and other electrocardiography (ECG) changes occur
frequently, while the elevation of several cardiac enzymes
occurs in 20-40% of patients1,5,9).

Pathologically, the form of reversible myocardial injury
that follows SAH is a type of subendocardial contraction

band necrosis, which is thought to result from the excessive
release of catecholamines within the myocardium5).
Recently, numerous studies have shown that serum cardiac
troponin I (cTnI) is a sensitive and specific marker for this
form of cardiac dysfunction. In addition, cTnI elevation
has been considered as a predictor of various cardiac com-
plications, pulmonary problems, cerebral infarction and
overall poor outcome5-7,9). In this report, we discuss about
the risk factors and clinical importances including vasospasm
associated with cTnI elevation.

MATERIALS AND METHODS 

Our 114 (male : 30, female : 84) patients were selected
from hospitalized referrals based on the following criteria :
1) patients with an aneurysmal SAH; 2) the absence of a
history of cardiac problems (coronary artery disease, heart
failure, arrythmia, cardiomyopathy, conduction abnor-
mality, or other causes); and 3) the absence of surgical
complications after clipping or coiling that result in neuro-
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logical deterioration. 
After patient selection, we collected

clinical data including age, sex, history
of hypertension, Hunt-Hess (H-H)
grade (I-V), Fisher grade (1-4), peak
blood pressure (systolic and diastolic)
and peak heart rate during the three
days following SAH, aneurysm loca-
tion [Group 1 : anterior cerebral artery
and anterior communicating artery;
Group 2 : middle cerebral artery;
Group 3 : communicating segment of
the internal carotid artery, Group 4 :
ophthalmic segment of the internal
carotid artery (ICA); Group 5 : pos-
terior cerebral circulation; Group 6 :
unknown origin], outcome at disc-
harge as defined by the Glasgow
Outcome Scale (GOS, 1-5), admis-
sion days on intensive care unit, pre-
sence of profound pulmonary com-
plications (caused by pulmonary edema and pneumonia)
defined by imaging studies, presence of symptomatic
vasospasm, duration of hyperdynamic (hypertensive-
hypervolemic) therapy for symptomatic vasospasm, ECG,
and a peak cTnI level for three days following SAH. 

The patients were divided into two groups based on the
cTnI level (Group A ≥ 0.5 µg/L, Group B < 0.5 µg/L)
following SAH. We assessed the relationship of the above
clinical factors between the two groups and analyzed the
determinants that influenced the GOS score. A cTnI level
above 0.5 µg/L was defined as an indicator of cardiac injury
following SAH.

Data analysis was performed using the Statistical Package
for the Social Sciences (SPSS) version 12.0. Descriptive
statistics were performed to determine the influence of
clinical factors on cTnI level elevation. Chi-square test, t-
test and logistic regression test were conducted to assess the
overall relationship between clinical factors and cTnI
elevation. The results were considered significant at p < 0.05.

RESULTS 

Clinical characteristics of the patients related with cTnI
and clinical factors are summarized in Table 1. The
incidence of cTnI ≥ 0.5 µg/L was 29.8% (34/114) in our
participants, and statistically significant differences between
Group A (cTnI ≥ 0.5 µg/L) and Group B (cTnI < 0.5 µg/L)
in age (p = 0.994) and sex (p = 0.254) were not detected.

There was a statistically significant difference in H-H

grade between Groups A and B in that a higher H-H grade
(IV-V) group was related with cTnI elevation (p = 0.000).
In a Fisher grade, all of the participants in Group A had
higher grades (3-4). The relationship between a history of
hypertension and cTnI elevation did not have a statistically
significant difference (p = 0.448). There was a statistically
significant difference in GOS score between Group A and
B, the overall outcome defined as GOS score related with
cTnI was better in Group B than in Group A (p = 0.000).
There was no statistically significant difference in the
admission days to the intensive care unit between Groups A
(13.85 days) and B (15.55 days) (p = 0.432). In Group A,
profound pulmonary complications, caused by pulmonary
edema and pneumonia, defined by imaging studies (chest
simple X-ray or computed tomography) developed in
70.6% (24/34) of the participants [p = 0.043, 51.3%
(41/80) in Group B].

For the peak heart rate for three days following SAH,
there was a statistically significant difference between
Groups A (130.59/min.) and B (116.69/min.) in that a
higher peak heart rate was related with cTnI elevation (p =
0.029). No significant differences were found in peak blood
pressure (systolic and diastolic) for three days following
SAH between Group A and Group B [peak systolic (p =
0.835) and peak diastolic (p = 0.392) pressure].

There were no statistically significant differences for the
incidence of symptomatic vasospasm (p = 0.421) and the
duration of hyperdynamic therapy in patients with sympto-
matic vasospasm (p = 0.292) between Groups A and B. 

Table 1. The relationship between clinical facors and cTnI level

Group A (n = 34) Group B (n = 80)
Clinical factor

(cTnI ≥ 0.5  µg / L) (cTnI < 0.5  µg / L)
p-value

Mean age (years) 61.06 61.04 0.994

Sex (male/female) 7/27 23/57 0.254

Hunt-Hess grade (I-III/IV-V) 11/23 57/23 0.000

Fisher grade (1-2/3-4) 0/34 9/71 -

History of hypertension (present/total patients) 12/34 31/80 0.448

GOS score (1-3/4-5) 25/9 27/53 0.000

Admission days at ICU (days) 13.85 15.55 0.432

Incidence of profound pulmonary complication
24/34 41/80 0.043

(present/total patients)

Peak heart rate for 3 days (beat/min.) 130.59 116.69 0.029

Peak systolic blood pressure for 3 days (mmHg) 158.82 159.69 0.835

Peak diastolic blood pressure for 3 days (mmHg) 96.47 94.38 0.392

Incidence of symptomatic vasospasm 8/21 24/73 0.421

(present / *total patients)

Duration of hyperdynamic therapy 9.88 8.25 0.292

for symptomatic vasospasm (days)
p < 0.05. *20/114 patients with a severe consciousness deterioration (semicoma or coma) or early
death that could not present symptomatic vaso-spasm were excluded. cTnI : serum cardiac troponin
I, GOS : Glasgow outcome scale, ICU : Intensive care unit
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The most common aneurysmal
location in Group A was a communi-
cating segment of the internal carotid
artery (p = 0.025) (Table 2). 

The determinants associated with a
good GOS score (4-5) are presented
in Table 3. Among independent pre-
dictors, cTnI elevation (≥ 0.5 µg/L) [p
= 0.000, Odds ratio (OR) = 0.183],
higher H-H grades (IV-V) (p = 0.000,
OR = 0.420) and older age (p = 0.039,
OR = 0.969) were determinants with
a negative effect on a good GOS score
(4-5). However, the presence of vasos-
pasm was not a statistically significant
independent predictor (p = 0.574).
Additionally, cTnI elevation (≥ 0.5
µg/L) (p = 0.046, OR = 0.321) and
higher H-H grades (IV-V) (p = 0.000,
OR = 0.053) were determinants with
a negative effect on a good GOS score
(4-5) in a multivariate logistic regres-
sion analysis. However, age was not a
statistically significant determinant in a multivariate study
(p = 0.071). 

The relationship between cTnI and the outcome in
patients with symptomatic vasospasm following SAH is
presented in Table 4. There was a 32 patients with a sym-
ptomatic vasospasm, and a statistically significant difference
according to cTnI level that a cTnI elevation (≥ 0.5 µg/L)
group was related with a poor outcome (GOS 1-3) (p = 0.037).

DISCUSSION

Among cardiac laboratory parameters, the strongest and
only independent predictor of poor outcome identified by
the literature is the elevation of serum cardiac troponin I
level9). The serum cardiac troponin I is used to diagnose
myocardial damage, including acute myocardial infarction
and cardiomyopathy, that increase rapidly in the first 3-12
hours following myocardial damage then peak at 24 hours
and may stay elevated for about 5-7 days. In a previous
article, Tung et al.9) reported that 20% of patients with
aneurysmal SAH went on to develop elevated cTnI level.
Tung and colleagues9) also showed that the severity of the
neurological injury was related to the degree of myocardial
necrosis, which supports the hypothesis that SAH-asso-
ciated sympathetic tone and the resulting level of circulating
catecholamines may play a critical role following head
trauma and aneurysmal SAH. According to Tung et al.9), all

patients with SAH and abnormal cardiac manifestations
had normal coronary arteries both at percutaneous cardiac
catheterization and at autopsy. This finding demonstrates
that myocytolysis and contraction band necrosis resulting in
global ventricular hypokinesis do not correlate geographi-
cally with regional wall motion abnormalities seen on ECG10).

It is possible that cardiovascular dysfunction may result
from the myocardial stress caused by hyperdynamic
therapy, which is routinely used to improve cerebral per-
fusion in patients with symptomatic vasospasm. Interestingly,
an elevated cTnI level may help to identify patients at
increased risk for cardiac decompensation when hyperdy-
namic therapy is indicated5). 

In this study, patients with symptomatic vasospasm and
elevated cTnI levels generally had worse outcomes. Patients
with elevated cTnI levels have stressed hearts and myocar-
dial decompressed states caused by the sympathetic effect
(mentioned below) following SAH. Additional hyper-
dynamic effects from vasopressors (dopamine, epinephrine
and others) may aggravate cardiac problems, pulmonary
complications (pulmonary edema, pneumonia and others)
and eventually poor outcomes. We think that patients with
elevated cTnI levels should be considered poor candidates
for hyperdynamic therapy for symptomatic vasospasm, and
early chemical or mechanical angioplasty may be an
appropriate alternative. 

Changes in blood pressure and heart rate accompanied by

Table 3. Determinants for a good GOS score (4-5)

Variable
Univariate Multivariate

OR p-value 95% CI OR p-value 95% CI

cTnI ≥ 0.5 µg/L (vs. < 0.5) 0.183 0.000 0.075 - 0.447 0.321 0.046 0.105 - 0.980

H-H grade ≥ IV (vs. I-III) 0.042 0.000 0.016 - 0.116 0.053 0.000 0.018 - 0.151

Age 0.969 0.039 0.941 - 0.998 0.963 0.071 0.925 - 1.003

Vasospasm 1.297 0.574 0.523 - 3.216 -
p < 0.05. CI : confidence interval, cTnI : serum cardiac troponin I, GOS : Glasgow outcome scale, H-H :
Hunt-Hess, OR : odds ratio

Table 2. Location of aneurysm in patients with cTnI elevation (Group A, ≥ 0.5 µg/L) 

Location Sub group 1 (n = 22) Sub group 2 (n = 12) p-value

A-com/ACA 13 - 0.025

MCA 6 -

ICA (opthalmic) 1 -

ICA (communicating) 2 12

Post. circulation  0 -
p < 0.05. A-com : anterior communicating artery, cTnI : serum cardiac troponin I, ICA : internal carotid
artery, MCA : middle cerebral artery

Table 4. The relationship between cTnI level and outcome in patients with symptomatic vasospasm

Variable
Good outcome Poor outcome

(GOS 4-5) (GOS 1-3)
p-value

cTnI  ≥ 0.5 µg/L 3 5 0.037

cTnI < 0.5 µg/L 19 5
p < 0.05. cTnI : serum cardiac troponin I, GOS : Glasgow outcome scale



ECG abnormalities are often observed in patients after
SAH2). Sudden death following SAH is frequently reported,
suggesting that the functional anatomical connections
between the central nervous system and the heart may be
involved2). Some authors have reported that the rostral
midbrain area is essential to produce hypertension and
premature ventricular contractions under conditions of
simulated SAH, while the other parts of brain stem can
produce bradycardia and other arrhythmias2). This mec-
hanism results from an activation of the sympathetic nervous
system secondary to an elevation of intracranial pressure4).
For these reasons, we believe that the location of the
ruptured aneurysm plays an important role because it applies
direct pressure on specific brain regions, which may cause
tachycardia, arrhythmia and an ischemic heart state after
rupture. In this study, ruptured aneurysms on a communi-
cating segment of the internal carotid artery were most
strongly correlated with an elevated cTnI of ≥ 0.5 µg/L and
may stimulate specific brain regions, including the midbrain.
Nevertheless, the pathophysiologic relationship between
aneurysm location and cTnI elevation is not fully unders-
tood and requires further investigation.

We also analyzed the relationship between heart rate,
blood pressure and cTnI level. We found that an increased
heart rate is related to cTnI elevation. In particular, our
results showed that peak heart rate during the initial three
days following SAH was significantly correlated with cTnI
elevation. Interestingly, some reports have found that a β-
receptor blockade reverses ECG changes, prevents myocar-
dial necrosis and reduces mortality caused by increased
sympathetic activity and the resulting release of circulating
catecholamines following SAH3). One study reported that
the myocardium of patients with SAH who had been given
α-blockers and β-blockers had significantly less damage at
autopsy, including less focal necrosis and inflammatory cell
infiltration4). 

In previous literature1,5), reduction of cardiac output in
severely affected patients with cTnI elevation may increase
the risk of cerebral ischemia related to vasospasm. Experi-
mental studies have shown that cerebral blood flow (CBF)
in ischemic areas can vary passively with changes in blood
pressure and cardiac output. We analyzed the incidence of
symptomatic vasospasm and duration of hyperdynamic
therapy according to cTnI elevation. There were no statisti-
cally significant differences for the incidence and duration
of hyperdynamic therapy. We believe that the incidence of
symptomatic vasospasm is related with the previously
mentioned general risk factors for vasospasm, however
vasospasm with cTnI elevation was associated with a poor
outcome. Additionally, no statistically significant differences

for the duration of hyperdynamic therapy between Groups
A and B may have been observed because Group A had a
higher early death rate caused by cardiopulmonary com-
plications and other causes during hyperdynamic therapy.

CONCLUSION

We can conclude that it is useful to monitor cTnI level
following SAH, especially during the initial three days to
estimate cardiopulmonary complications and outcomes.
The cTnI and H-H grade were determinants for outcome,
and development of vasospasm concomitant with cardiac
complications as defined by cTnI elevation is related with a
poor outcome. Additionally, a ruptured aneurysm on
communicating segment of ICA is related with cTnI eleva-
tion. However, further research is essential to determine the
mechanisms underlying the results of this study and to
choose optimal treatment.
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